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developed through a consensus standards development process approved by the American National Standards Institute.
This process brings together volunteers representing varied viewpoints and interests to achieve consensus on fire and other
safety issues. While the NFPA administers the process and establishes rules to promote fairness in the development of
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special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or reliance
on this document. The NFPA also makes no guaranty or warranty as to the accuracy or completeness of any information
published herein.

In issuing and making this document available, the NFPA is not undertaking to render professional or other services for
or on behalf of any person or entity. Nor is the NFPA undertaking to perform any duty owed by any person or entity to
someone else. Anyone using this document should rely on his or her own independent judgment or, as appropriate, seek
the advice of a competent professional in determining the exercise of reasonable care in any given circumstances.

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents of this document.
Nor does the NFPA list, certify, test or inspect products, designs, or installations for compliance with this document. Any
certification or other statement of compliance with the requirements of this document shall not be attributable to the
NFPA and is solely the responsibility of the certifier or maker of the statement.
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All questions or other communications relating to this document and all requests for information on NFPA procedures
governing its codes and standards development process, including information on the procedures for requesting Formal
Interpretations, for proposing Tentative Interim Amendments, and for proposing revisions to NFPA documents during
regular revision cycles, should be sent to NFPA headquarters, addressed to the attention of the Secretary, Standards
Council, National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101.

Users of this document should be aware that this document may be amended from time to time through the issuance of
Tentative Interim Amendments, and that an official NFPA document at any point in time consists of the current edition of
the document together with any Tentative Interim Amendments then in effect. In order to determine whether this
document is the current edition and whether it has been amended through the issuance of Tentative Interim
Amendments, consult appropriate NFPA publications such as the National Fire Codes’ Subscription Service, visit the NFPA
website at www.nfpa.org, or contact the NFPA at the address listed above.

A statement, written or oral, that is not processed in accordance with Section 5 of the Regulations Governing Committee
Projects shall not be considered the official position of NFPA or any of its Committees and shall not be considered to be,
nor be relied upon as, a Formal Interpretation.

The NFPA does not take any position with respect to the validity of any patent rights asserted in connection with any
items which are mentioned in or are the subject of this document, and the NFPA disclaims liability for the infringement of
any patent resulting from the use of or reliance on this document. Users of this document are expressly advised that
determination of the validity of any such patent rights, and the risk of infringement of such rights, is entirely their own
responsibility.

Users of this document should consult applicable federal, state, and local laws and regulations. NFPA does not, by the
publication of this document, intend to urge action that is not in compliance with applicable laws, and this document may
not be construed as doing so.
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NFPA 270

Standard Test Method for

Measurement of Smoke Obscuration Using a Conical Radiant
Source in a Single Closed Chamber

2002 Edition

This edition of NFPA 270, Standard Test Method for Measurement of Smoke Obscuration Using a
Conical Radiant Source in a Single Closed Chamber, was prepared by the Technical Committee on
Fire Tests and acted on by NFPA at its November Association Technical Meeting held Novem-
ber 10-14, 2001, in Dallas, TX. It was issued by the Standards Council on January 11, 2002, with
an effective date of January 31, 2002, and supersedes all previous editions.

This edition of NFPA 270 was approved as an American National Standard on January 31,
2002.

Origin and Development of NFPA 270

This standard is based on the 1997 edition of NFPA 258, Standard Research Test Method for
Determining Smoke Generation of Solid Materials, with minor revisions. Originally the NFPA 258
standard was used for research and as a product development tool. This NFPA 270 standard
was developed so that it could be used within the regulatory community for enforcement
purposes. This document was developed under a different title and number designation so as
not to confuse the end user and in order to establish and clarify the intention and limitations
that are now part of the standard.

The 2002 edition of this standard has been updated to incorporate NFPA Manual of Style
requirements and editorial updates.
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NFPA 270
Standard Test Method for

Measurement of Smoke Obscuration
Using a Conical Radiant Source
in a Single Closed Chamber

2002 Edition

NOTICE: An asterisk (*) following the number or letter desig-
nating a paragraph indicates that explanatory material on the
paragraph can be found in Annex A.

Information on referenced publications can be found in
Chapter 2 and Annex E.

Chapter 1 Administration

1.1 Scope.
1.1.1 This shall be a fire-test-response standard.

1.1.2 This test method shall provide a means of measuring
smoke obscuration resulting from subjecting essentially flat
materials, products, or assemblies (including surface fin-
ishes), not exceeding 25 mm in thickness, to specified levels of
thermal irradiance, from a conical heater, in a single closed
chamber, in the absence or presence of a pilot flame, when
placed in a horizontal orientation.

1.1.3 The principal fire-test-response characteristic obtained
from this test method shall be the specific optical density of
smoke from the specimens tested, which is obtained as a func-
tion of time, for a period of 10 minutes.

1.1.4 Other fire-test-response characteristics shall also be per-
mitted to be determined.

1.1.5 An optional fire-test-response characteristic measurable
with this test method shall be the mass optical density, which is
the specific optical density of smoke divided by the mass lost
by the specimens during the test.

1.1.6 This test method shall be based on ISO 5659-2, Determi-
nation of Specific Optical Density by a Single-Chamber Test, and shall
provide equivalent results to ISO 5659-2.

1.1.7 The fire-test-response characteristics obtained from this
test shall be specific to the specimen tested, in the form and
thickness tested, and shall not be an inherent property of the
material, product, or assembly.

1.1.8* This test method shall not provide information on the
fire performance of the test specimens under fire conditions
other than those conditions specified in this test method.

1.1.9 This standard shall measure and describe the re-
sponse of materials, products, or assemblies to heat and
flame under controlled conditions, but shall not by itself
incorporate all factors required for fire hazard or fire risk
assessment of the materials, products, or assemblies under
actual fire conditions.

1.1.10* Fire testing of products and materials is inherently
hazardous, and safeguards for personnel and property shall be
employed in conducting these tests.
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1.1.11 This standard shall not purport to address all of the
safety problems, if any, associated with its use.

1.1.12 Itshall be the responsibility of the user of this standard
to establish the necessary safety and health practices and de-
termine the applicability of regulatory limitations prior to use.

1.2 Purpose. (Reserved)

1.3 Application.

1.3.1 Summary of Test Method.
1.3.1.1 Energy Source.

1.3.1.1.1 This test method shall employ a conically shaped,
electrically heated radiant energy source, contained within a
stainless steel tube, and positioned so as to produce an irradi-
ance level of up to 50 kW/m?, averaged over the center of the
exposed surface of an essentially flat specimen, mounted hori-
zontally, to determine smoke obscuration inside a closed
chamber.

1.3.1.1.2 The actual irradiance levels used for standard test-
ing shall be 25 kW,/m? and 50 kW/m?.

1.3.1.2 Specimen. The specimen shall be 75 mm x 75 mm ata
thickness not exceeding 25 mm and shall be mounted hori-
zontally within a holder.

1.3.1.3 Pilot Flame.

1.3.1.3.1 The exposure shall be conducted in the absence or
in the presence of a pilot flame as described in 4.3.6.1.

1.3.1.3.2 If the pilot flame is present, the test shall be deemed
to be in the “flaming” mode; if it is absent, the test shall be
deemed to be in the “nonflaming” mode.

1.3.1.4 Light Transmissions.

1.3.1.4.1 The test specimens shall be exposed to nonflaming
or flaming conditions within a closed chamber.

1.3.1.4.2 A photometric system with a vertical light path shall
be used to measure the varying light transmission as smoke
accumulates.

1.3.1.4.3 The light transmittance measurements shall be used
to calculate the specific optical density of the smoke generated
during the test.

1.3.1.5 Exposure.

1.3.1.5.1 The specimens shall be exposed to two conditions,
out of the four standard exposure conditions, to be chosen by
the test requester.

1.3.1.5.2 The four standard exposure conditions shall be as
follows:

(1) Flaming at an irradiance of 25 kW/m?
(2) Flaming at an irradiance of 50 kW/m?*
(3) Nonflaming at an irradiance of 25 kW/m?
(4) Nonflaming at an irradiance of 50 kW,/m?

1.3.1.5.3 The default conditions for testing, unless specified
otherwise, shall be those in the flaming mode.

1.3.1.5.4 Exposures to other irradiances shall also be possible.

1.3.1.6* Mass Optical Density. Mass optical density shall be an
optional fire-test-response characteristic obtainable from this
test method by using a load cell that continuously monitors
the mass of the test specimen.

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/nfpa-270-2002
http://www.avadocuments.com/doc/nfpa-270-2002

DEFINITIONS

270-5

1.3.2 Significance and Use.
1.3.2.1* Specific Optical Density.

1.3.2.1.1 This test method shall provide a means for deter-
mining the specific optical density of the smoke generated by
specimens of materials, products, or assemblies under the
specified exposure conditions.

1.3.2.1.2 Values determined by this test shall be specific to the
specimen in the form and thickness tested and shall not be
inherent fundamental properties of the material, product, or
assembly tested.

1.3.2.1.3 Therefore, closely repeatable or reproducible ex-
perimental results shall not be expected from this test method
when tests are conducted for a given material, product, or
assembly, while introducing variations in properties such as
specimen thickness or density.

1.3.2.2* Physiological Aspects. Physiological aspects associ-
ated with vision shall not be measured by this method.

1.3.2.3* Smoke Obscuration. Predicting the smoke obscura-
tion to be generated by the specimens upon exposure to heat
or flame under any fire conditions other than those specified
shall not be permitted.

1.3.3 Limitations.

1.3.3.1 Behavior. The following behavior during a test shall
render that test invalid:

(1) Self-ignition in the nonflaming mode

(2) A specimen being displaced from the zone of controlled
irradiance so as to touch the pilot burner or the pilot
flame

(3) Extinction of the pilot flame (even for a short period of
time) in the flaming mode

(4) Molten material overflowing the specimen holder

1.3.3.2* Data Evaluation. Evaluation of the data obtained, to-
gether with the individual masses, shall assist in assessing the
reasons for any observed variability in measurements.

1.3.3.3* Sample Thickness. The results of the test shall apply
only to the thickness of the sample as tested.

1.3.3.4* Sensitivity. Sensitivity to variations shall require that
when changing to another sample to be tested, it shall first be
necessary to clean and remove from the walls all accumulated
residues to ensure that chemical or physical recombination
with the effluents or residues produced as a result of the ther-
mal irradiance does not affect the data obtained.

1.3.3.5% Test Conditions. In this procedure, the specimens
shall be subjected to one or more specific sets of laboratory
test conditions.

1.3.3.5.1 If different test conditions are substituted or the
end-use conditions are changed, it shall not necessarily be pos-
sible by or from this test method to predict changes in the
fire-test-response characteristics measured.

1.3.3.5.2 Therefore, the results shall be valid only for the fire
test exposure conditions described in this procedure.

1.3.3.6* Optical Density. Information relating the specific op-
tical density obtained by this test method to the mass lost by
the specimen during the test shall be possible only by using
the (optional) load cell to determine the mass optical density.

Full document details: NFPA 270 2002

1.3.3.7* Dynamic Measurements. This test method shall not
use dynamic measurements.

1.3.3.8 Smoke Obscuration. Therefore, the smoke obscura-
tion values obtained shall not represent conditions of open
fires.

1.4 Units and Formulas. The values stated in SI units shall be
considered the required values.

Chapter 2 Referenced Publications

2.1 General. The documents or portions thereof listed in this
chapter are referenced within this standard and shall be con-
sidered part of the requirements of this document.

2.2 NFPA Publications. (Reserved)
2.3 Other Publications.

2.3.1 ASTM Publication. American Society for Testing and
Materials, 100 Barr Harbor Drive, West Conshohocken, PA
19428-2959.

ASTM E 176, Terminology of Fire Standards, 2001.

2.3.2 ISO Publications. International Standards Organiza-
tion, 1 rue de Varembé, Case Postale 56, CH-1211 Geneéve 20,
Switzerland.

ISO 5659-2, Determination of Specific Optical Density by a Single-
Chamber Test, 1994.

1SO 13943, Fire Safety—Vocabulary, 2000.

Chapter 3 Definitions

3.1 General. The definitions contained in this chapter shall
apply to the terms used in this standard. Where terms are not
included, common usage of the terms shall apply.

3.2 NFPA Official Definitions.
3.2.1 Shall. Indicates a mandatory requirement.

3.3 General Definitions. For definitions of terms used in this
test method, refer to the terminology contained in ASTM E
176, Terminology of Fire Standards, and ISO 13943, Fire Safety —
Vocabulary.

3.3.1 Assembly. A unit or structure composed of a combina-
tion of materials or products, or both.

3.3.2 Composite. A combination of materials that are gener-
ally recognized as distinct entities — for example, coated or
laminated materials.

3.3.3 Continuous (as related to data acquisition). Conducted
at data collection intervals of 5 seconds or less.

3.3.4 Exposed Surface. That surface of the specimen sub-
jected to the incident heat.

3.3.5 Ignition. The initiation of combustion evidenced by glow,
flame, detonation, or explosion, either sustained or transient.

3.3.6 Mass Optical Density (MOD). The ratio of the optical
density of smoke and the mass loss of the test specimen, mul-
tiplied by the volume of the test chamber and divided by the
length of the light path.

Documents

2002 Edition

Document Sharing Hub


http://www.avadocuments.com/doc/nfpa-270-2002
http://www.avadocuments.com/doc/nfpa-270-2002

270-6 MEASUREMENT OF SMOKE OBSCURATION USING A CONICAL RADIANT SOURCE IN A SINGLE CLOSED CHAMBER

3.3.7 Sample. An amount of the material, product, or assem-
bly to be tested that is representative of the item as a whole.

3.3.8 Smoke Obscuration. Reduction in visibility due to
smoke.

3.3.9 Specimen. The actual section of material, product, or
assembly to be placed in the test apparatus.

3.3.10 Time to Ignition. Time between the start of the test
and the presence of a flame on or over most of the specimen
surface for a period of at least 4 seconds.

Chapter 4 Test Apparatus

4.1 General. The apparatus shall consist of an airtight test
chamber with provision for containing a sample holder, radia-
tor cone, pilot burner, light transmission and measuring sys-
tem, and other ancillary facilities for controlling the condi-
tions of operation during a test as shown in Figure 4.1.
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FIGURE 4.1 Typical Arrangement of Test Chamber.

4.2 Test Chamber.

4.2.1 Fabrication. The test chamber shall be fabricated from
laminated panels, the inner surfaces of which shall consist of
either a porcelain-enameled metal not more than 1 mm thick,
or an equivalent coated metal that is resistant to chemical at-
tack and corrosion and capable of easy cleaning. See Figure
4.1 and Figure 4.2.1.
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4.2.1.1 The internal dimensions of the chamber shall be
914 mm + 3 mm long, 914 mm + 3 mm high as shown in Figure
4.2.1, and 610 mm * 3 mm deep.

4.2.1.2 The chamber shall be provided with a hinged front-
mounted door with an observation window and a removable
opaque door cover to the window to prevent light entering the
chamber.

4.2.2*% Panel. A safety blow-out panel consisting of a sheet of
aluminum foil of thickness not greater than 0.04 mm and hav-
ing a minimum area of 80,600 mm? shall be provided in the
chamber, fastened in such a way as to provide an airtight seal.

4.2.3 Optical Windows.

4.2.3.1 Two optical windows, each with a diameter of 75 mm
+ 1 mm, shall be mounted, one each in the top and bottom of
the cabinet, at the position shown in Figure 4.2.1, with their
interior faces flush with the outside of the cabinet lining.

4.2.3.2% The underside of the window on the floor shall be
provided with an electric heater of approximately 9 W capac-
ity, in the form of a ring, which shall be capable of maintaining
the upper surface of the window at a temperature of at least
50°C and shall be mounted around its edge so as not to inter-
rupt the light path.

4.2.3.3 Optical platforms, 8 mm * 0.1 mm thick, shall be
mounted around the windows on the outside of the chamber
and shall be held rigidly in position relative to each other by
three metal rods, each with a diameter of at least 12.5 mm,
extending through the chamber and fastened securely to the
platforms.

4.2.4 Other Cabinet Openings.

4.2.4.1 Other openings in the cabinet shall be provided for
the required services, as specified.

4.2.4.2 Cabinet openings shall be capable of being closed so
that a positive pressure up to 1.5 kPa above atmospheric pres-
sure can be developed inside the chamber as described in
4.2.6 and maintained when checked in accordance with Sec-
tions 4.6 and 7.6.

4.2.4.3 All components of the chamber shall be capable of
withstanding a greater internal positive pressure than the
safety blow-out panel.

4.2.5 Inlet Vent. An inlet vent with a shutter shall be provided
at the top of the chamber, either on the front or on the roof,
and away from the radiator cone, and an exhaust vent with a
shutter shall be provided in the bottom of the chamber to
lead, via flexible pipe with a diameter of 50 mm to 100 mm, to
an extraction fan capable of creating a negative pressure of at
least 0.5 kPa.

4.2.6* Chamber Pressure Control Facilities.

4.2.6.1 Provision shall be made for controlling the pressure
inside the test chamber.

4.2.6.2 A manometer, with a range of up to 1.5 kPa, shall be
provided for connection to a pressure regulator and to a tube
in the top of the chamber.

4.2.7 Thermocouple Junction.

4.2.7.1 A thermocouple measuring junction made from wires
of a diameter not greater than 1 mm shall be mounted on the
inside of the back wall of the chamber, at the geometric cen-
ter, by means of an insulating disc (such as polystyrene foam)
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FIGURE 4.2.1 Plan View of Typical Test Chamber.

that has a thickness of 6.5 mm + 0.2 mm and a diameter of not Heat flux meter

more than 20 mm attached with an adhesive intended for such and mount

Thermocouple
purposes. Heating mount and shield

element

4.2.7.2 The thermocouple junction shall be connected to a

recorder, meter, or data acquisition unit, and the system shall N
be capable of measuring temperatures in the range of 35°C to /,>
60°C as described in 9.1.3.3. e

4.3 Sample Support and Heating Arrangements. /,/

4.3.1 Radiator Cone. P

. o | Pilot burner
4.3.1.1 Heating Element. The radiator cone as shown in Fig-
ure 4.3.1.1 shall consist of a heating element of nominal rating
450 W contained within a stainless steel tube, 2210 mm + 5 mm
in length and 6.5 mm + 0.2 mm in diameter, coiled into the
shape of a truncated cone and fitted into a shade.

4.3.1.1.1 The shade shall have an overall height of 45 mm
+ 0.04 mm, an internal diameter of 55 mm + 1 mm, and an
internal base diameter of 110 mm + 3 mm.

4.3.1.1.2 The shade shall consist of two layers of 1 mm
+ (.1 mm thick stainless steel with a 10 mm + 0.5 mm thickness
of ceramic fiber insulation of nominal density 100 kg/m®
sandwiched between them.

Radiator cone

4.3.1.1.3 The heating element shall be clamped by two plates
at the top and bottom of the element.

4.3.1.2 Radiator Cone Irradiance.

4.3.1.2.1 The radiator cone shall be capable of providing irra-
diance in the range of 10 to 50 kW/m?, at the center of the

surface of the specimen. FIGURE 4.3.1.1 Typical Framework for Support of Radiator

Cone, Specimen Holder, and Flux Meter.
4.3.1.2.2 When the irradiance is determined at two other po-

sitions, 25 mm + 2 mm each side of the specimen center, the

irradiance at these two positions shall be not less than 85 per-

cent or not more than 115 percent of the irradiance at the

center of the specimen.
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